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1. 3AT'AJIBHI BITIOMOCTI

Berynuuii icndT Ha HaBYaHHS I 3M00YTTS HAYKOBOTO CTYIEHS JOKTOP
dbinocodii 3a crnemanpHicTIO F1 «Ilpukinagna MatremaTrkay MPOBOIUTHCS IS THX
BCTYITHHKIB, SIKi MAIOTh CTYIIHB Marictpa’.

Ocsitns nporpama «llpukiagna MaremaTukay BiJIIOBIJAE MiCii Ta cTpaTerii
KIII im. Irops CikopchKoro, 3a sIKOIO CTpPaTEriuHUM IMPIOPUTETOM YHIBEPCUTETY €
HaJaHHA  (yHIAMEHTAJIbHOI  OCBITHBO-HAYKOBOI  Ta  OCBITHBO-TIpOdeciitHOT
miarotoBku  (axiBmiB. OcCOONMMBOCTI OCBITHBOI TPOTpaMH BpPaxoOBaHI MUITXOM
oOpaHHS BIIMOBIAHUX PO3IUTIB 1 MATAaHb MPOTpaMH BCTymHOTo icnuTy. [IpoBeneHus
BCTYITHOTO BUIIPOOYBAHHS Ma€ BUSIBUTH PiBEHB IMIATOTOBKY BCTYITHUKA 3 00paHOT JJIs
BCTYILy CHEI1aJIbHOCTI.

TeopeTnuHi MUTaHHA BCTYMHOTO ICIIUTY MOXKHA IMOJAUIATH HAa Taki JEB ATb
PO3JILTIB:

1) muckpeTHa MaTeMaTHhKa, MaTeMaTHUYHA JIOTIKA Ta TeOPis arOPUTMIB;

2) 4ncesIbHI METO/IH;

3) Teopis KMOBIpHOCTEH, MATEMAaTHYHA CTATUCTHKA Ta BUIAIKOBI TPOIIECH;

4) MaTeMaTUYHI OCHOBH KPHUIITOJIOTII;

5) MalMHHE HAaBYAHHS;

6) Mojei Ta METOIU MPUHHATTS PIlICHb;

7) MaTeMaTU4YHE MOJICIIOBAHHS. CUCTEMHUM I IX1]1;

8) MmaTemMaTHYHE MOJICITIOBAHHS . TIPUKJIAIHI aCIICKTH;

9) MeToM Ta aNrOPUTMH KpUNTOTpadii Ta KPUIITOAHATI3Y.

i po3ainM MICTATh MATAHHS 3 MPUKIATHUX Ta TEOPETUYHHUX JUCIHILUIIH, IO
IIMPOKO 3aCTOCOBYIOTHCS /IS BUPIMICHHS 3a7ad NPUKIATHOI MaTeMaTUKH Ta
OpIEHTOBAH1 Ha CHEIiaTbHy MPoQeciiHy MATOTOBKY BCTYITHHKA.

3aBAaHHs BCTYITHOTO ICIIUTY CKJIAAAETHCS 3 IBOX YACTUH: TECTOBOT YACTHHH Ta
BIJIKDUTOT'O MUTAHHSA, K1 00UpaIOThCs 3 yCiX po3autiB. CTpyKkTypa OieTy Ta cuctema
OIIHIOBAHHS HaBeJICHI Y PO3iii 4.

Berynuuii icnut 13 cremianbHOCTI TPOBOJUTHCA Y (POPMI YCHOTO €K3aMEHY.

TpuBanicTh MATOTOBKM BCTYITHUKA /IO BIAMOBIAL — 2 aKajeMiyHi TOJUHHU.

VY HacTymHOMY pO3iIi MPOrpaMy HaBEJICHI T1 TEMH 3 3a3HAYEHUX PO3/LIIB, SKi
CTOCYIOTHCSI BUKOHAHHSI 3aBAaHb BCTYITHOTO ICITUTY.

[Hdopmartis mpo mpaBwia TPUHOMY Ha HaBYAHHS Ta BAMOTH JI0 BCTYITHHKIB
ocBiTHROI iporpamu 113 «IIpukiagHa MareMatrkay HaBeACHO B po3aiil «Beryn 1o
acmipaHTypu» Ha BeO-cTopiHLi acmipantypu Ta goktopantypu KIII im. Irops
CikopcbKoro 3a nocuianasM https://aspirantura.kpi.ua/

' Bionogiono 0o n.2 Po30iny XV zaxony Ilpo euwy oceimy euwa oceéima 3a 0ceimubo-
KeanighikayitiHum pigHem cneyianicma HpupiGHIOEMbC 00 BUWOT 0C8IMU CIYNEHs Ma2icmpa.



I1. TEMH, IIIO BUHOCSATBHCS HA BCTYITHAM ICIIUT
1. luckpeTHA MaTeMaTHKAa, MATeMaTHYHA JIOTiKAa Ta Teopisl aJIropuTMiB

1.1. MHoXuHHU 1 onepallii HaJ HUMHU; aJire0pa MHOXHWH; MOTYXKHICTh MHOXHHU,
KapJMHaIbHI yncia. BiIHOIIEHHST Ha MHOKHUHAX; CIIOCOOU MpeACTaBICHHS OlHApHUX
BIIHOIIICHb, OIllepalii HajJ BITHOIICHHSAMH, BJIACTUBOCTI OIHAPHHUX BiJHOIICHB.
BigHOIEHHST €KBIBAJIGHTHOCTI, BIJTHOIICHHS YaCTKOBOTO MOPSIAKY, iX BIACTHBOCTI.
@OyHK110HATbHI BIIHOIICHHS Ta BiIOOpa)KE€HHSI, X BIaCTUBOCTI.

1.2. OcHoBHi ~ koMmOiHaTOpHi  KOH(Iirypamii: =~ BHOIpKH,  pPO3MIIICHHS,
nepectaHoBkd.  [loTyxxHOocTi  koMmOiHaTopHuUX  KOH(irypamiii.  biHomianbHi
koedilieHTH, iXx BiaacTuBocTi, OiHOM Hprlorona. KoHcTpykTuBHHN —meperik
JTUCKPETHUX 00'€KTIB.

1.3. bynesi ¢yHkIii; npeactaBiacHHs OyieBUX (YHKIINA TaOIHUICIO ICTUHHOCTI
Ta popmynamu, eneMeHTapH1 OyieBi QyHKIT; 3akoHU OyneBoi anredpu. JlockoHai
HopmaibHi popmu (JJHD, IKHD, AH®), noninomu XKerankina. [loBHoTa cuctemu
OyneBux ¢yHKIi, kputepiit [locra.

1.4. I'padu HeopieHTOBaHI Ta OPIEHTOBAHI; CIOCOOU TMpEICTaBICHHS rpadis,
MaTpUIlsl CYMIXKHOCTI, MaTpHIl 1HIMJICHTHOCTI; oreparlii Haa rpadamMu. 3B’ S3HICTh
rpadiB. Criocodbu o0xoxy BepimivH TpadiB, MOIIYK B IIMPUHY, MOIIYK B TIUOUHY.
Hepesa Ta ix BnactuBocti. Eitneposi rpadu, ramiasToHOBI Tpadu, miaHapHi rpadu,
iX BJIACTUBOCTI.

1.5. Teopist aBTOMaTiB: aOCTpaKTHI aBTOMATH Ta CIOCOOW iX MpPEICTaBICHHS;
po3mi3HaBadyi, aBTomaTi M Ta aBToMaTi Mypa.

1.6. MatematnyHa Jorika: (QOpPMaNbHO-JIOTIUHI UHWCJIEHHSA, CHHTAaKCHC 1
CEMaHTHUKAa, TEOpisl JOBEIEHb, TEOPisl MOJENEH; aKCIOMAaTH4YHI Teopii, (opMaibHa
Teopis L; popManbpHa apudmeTnka, akcioMaTuuHa TEOPisi MHOXKHH.

1.7. Jlorika BHCIJIOBIIIOBaHb, JIOTIKA MPEIUKATIB 1-ro TOPSIKY (KBaHTOPH,
IHTepHpeTallisi, MpaBuiia BUBOIY, BUMEPEHKEHI Ta CKYJIEMIBCbKI HOpMaJlbHI (hOPMH,
METOJ] PE3OJTFOLIIM JIJIsl JIOTIKH MIPEAUKATIB).

1.8. Teopist ~ anropuTMiB: dopmanizaiii  MOHATH  AJNTOPUTMYy  Ta
OOYHMCITIOBANILHOCTI; MamuHU  ThIOpIHra; HOPMalibHI — aNropuTMu  MapkoBa;
peKypcUBHI (QYHKIIi Ta PEKypCUBHI MHOXHUHHU; TMPOOJIEMU  aNrOPUTMIYHOL
po3B'sa3HocTi, Tesuc Yepua-Ilocra; ['emeneBa Hymepaniss ta Teopema ['emens mpo
MOBHOTY; CKJIaJHICTh anropuTtmiB, NP-moBH1 mpobiemu.

2. UnceabHi MeTOaH

2.1. YucenbH1 METOAM JIIHIHHOI anreOpHu.

2.2. UucenbHe IHTETpyBaHHS, IHTEPHIOSAIISA Ta 3TJ1a/KyBaHHS.

2.3. UucenbHi MeTOAM PO3B'I3yBaHHS AudepeHIliaIbHuX (3BUYAWHUX Ta B
YaCTUHHUX MOX1IHUX) Ta IHTErpajIbHUX PIBHIHb.

2.4. UucenbHI METOIU PO3B'SI3yBAHHS ONEPATOPHUX PIBHSHb.

2.5. OnTumizallisi YMCEeTbHUX METO/IIB.
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3. Teopiss iiMoBipHOCTell, MaTeMaTH4YHA CTATHCTHMKA Ta BHUNAIKOBI
npouecu

3.1. 3aranpHe MOHATTS BHUIIAJKOBOI MOJII Ta CTOXaCTUYHOI'O EKCIIEPUMEHTY,
BUIMAJKOBOI BEJIMYMHU Ta BEKTOpa; (YyHKIII po3mojuTy; He3aJaeHl BHUIIAIKOBI
BenuuHU. [10CHITOBHOCTI BUMIAAKOBUX BEJIMYNH: HOHATTSA 301’KHOCTI ITOCIIITOBHOCTI
BUIIAJIKOBUX BEJIMYMH; HEPIBHICTh YeOuIeBa; 3aK0H BETUKUX YHCEIL.

3.2. Cnabka 30DKHICTH BHUMAJAKOBHX BEJIMUYMH; XapaKTePUCTUYHI (QYHKIUT
BUITAJIKOBUX BEJIMYMH; CXE€Ma HE3QJICKHUX BHIPOOYBaHb bepHymmi, TpaHWdHI
teopemu [lyaccona ta Myaspa-Jlamaca; neHTpajibHa TpaHUYHA TEOPEMA.

3.3. OCHOBHI MOHSTTS MaTeMaTUYHOI CTaTUCTUKU: BUOIpKa, BaplalliitHUi psix
Ta eMIipuyHa QYHKIIiSI pO3MOILTY; BUOIPKOBI XapaKTEPUCTUKH.

3.4. OLUiHKM HEBIIOMHUX TapaMeTpiB poO3MOALTy: Kiacudikalis OI[HOK;
HE3MIIIEHI  OIIHKKM 3  MIHIMQJIBHOK  JUCIEPCI€0;  OLIHKA  HAWOUIBIIOL
MpaBIONOAIOHOCTI; METOJT MOMEHTIB;, JOBIpYl IHTEpBaJId Ta IHTEPBAJIbHE
OIIIHIOBAHHSI.

3.5. CratuctuyHi TinoTe3W Ta CTaTUCTH4YHI KpuTepii. Kputepii 3roau;
repeBipka TiOTE3H PO BHUIVISLI POSIOALTY, KPHTEpill 7, MapaMeTpHdHi rinoresu;
BUOIp 3 JBOX MPOCTHUX rinoTe3; kpurepi Helimana-Ilipcona; kpuTepiil BIAHOILIECHHS
MPaBIONOAIOHOCTI.

3.6. CratuctuyHe MOCTIIKEHHS 3aleXHOCTeW. PerpeciiiHuii aHami3, MeTon
HaliMeHIuX KBajpaTiB. JliHiliHa perpecid. OIIHIOBaHHS MapaMeTpiB JIIHIHHOI
perpecii.

3.7. MaremaTu4yHi Mojell  Teopii BHUIIAJIKOBUX TMPOIECIB: O3HAYCHHS
BUMAJKOBUX TPOIECIB; CKIHUYCHHOBUMIpHA QYHKIIS PO3IMOIIIY BHUIIAIKOBOTO
poliecy; MaTeMaTUYHE CIOJIIBaHHS, TUCTIEPCIs, KOPEJSIiNHI HyHKIII].

3.8. HenepepBHiCTh, MOXiJHA Ta I1HTErpajl BHUMAIKOBOTrO Ipouecy. Buau
30DKHOCTI Ta HEMEPEpPBHOCTI BUMAIKOBUX IPOIIECIB; MaTEMaTUYHE CIO/IBaHHS Ta
KOpeJsiiiiiHa GyHKIIS MOX1AHOL Ta IHTErpay.

3.9. Bunankosi mporiecu MapkoBa, naHimtoru MapkoBa, piBHAHHA Yemnmena-
KonmoropoBa; onHopinHuii  BunagkoBuid mnpouec Ilyaccona; BiHepIBCbKUU
BUIIAJIKOBUI TPOLIEC; TaycCiBCbKI NPOLECH; CTalllOHApHI BHIAJKOBl MPOLECH,
CHEKTpaibHa TEOPis; EProJU4Hi TEOPEMU BUIIAJKOBHX MTPOLIECIB.

3.10. CnektpanbHa  Teopis BUIAIKOBHX MIPOLIECIB. CrnexTpalibHi
npencrabieHns. Teopema boxnepa. Teopema Xinumna. CnexkrtpaibHa (GyHKIIS 1
CIeKTpaJibHa MIUIbHICTh. CTalllOHapHI BUMAIKOBI MPOIECH 3 TUCKPETHUM CIEKTPOM.
CramioHapHl BHITaJIKOBI TIpolleCH 3 HemepepBHUM crekTpoM. IlepeTBopeHHs
CTaI[lOHAPHOTO BUITAJIKOBOTO MPOIIECY.



4. MareMaTH4Hi OCHOBM KPHIITOJIOTII

4.1. TeopeTHKO-4YHMCJIOBI OCHOBH KpumntoJorii. Anroputm EBkmiga Ta
posumpenuit anroput™ EBkiina. Kutelie numikiB 3a moysem N. Oyukiis Oiinepa ta
il obuncnenusa. Teopema Oiinepa, mana Teopema depma. Po3B’s3yBaHHS JIHIHHUX
nopiBHsiHb. KBagparnuni smmku. CumBonu Jlexxanapa Tta SIko0i, npaBuiia
oOuucieHHs, kputepii Oinepa.

4.2. OcHOBHI TOHATTH a0cTpakTHOI ajredpu. BusHaueHHs HamiBrpymw,
MOHOina, rpynu, abeneBoi rpynu. [lopsaok rpynu, MOPSIOK €JIEMEHTY TpYIIH,
UKIivHl miarpynu. Teopema Jlarpanka. BusHaueHHs KijbIld, 11€aidy KiIbLis, TOJIS.
[Ipuknanm.

4.3. AcMMNIITOTHYHA NOBeAiHKA (pyHKLii. CumBonun Jlannay,
eKBIBAJICHTHICTh (QYHKIIH, l€epapXid (QyHKIIN 3a MBHUAKICTIO 3pocTaHHsA. Dopmyna
Oiinepa-MakJiopeHa Ta ii 3aCTOCYBaHHS: aCUMIITOTUYHUM PO3KJIAJ 1JI1 TApMOHIYHHUX
yucen ta Ay pakropianis (popmyna Cripiinra).

4.4. KomOinaTopHi ajropurMm. AITOpUTMU COpTyBaHHSA. [eHeparlis
MEPECTAaHOBKM 3a IHJEKCOM, 13 MIHIMAJIbHUMHU 3MIHAMHU, y JEKCUKOTpapiyHOMY
nopsiiky. ['eHeparlisi MAMHOXHWH Ta MIAMHOXHH 3a/1aHOi TOTYXHOCTI. JlaTumku
BUIMAJIKOBUX YHCET Ta BHUMAJAKOBUX TMOCIIIOBHOCTeW. Bubip BHUMaaKoBOi
MEPECTAaHOBKH, JIOBUILHOT BUMAJAKOBOI MIJIMHOXHHU Ta BHUIIQJKOBOI MIAMHOXKHWHU
3a/1aHO1 MOTYHOCTI.

4.5. MaTtemaTn4yHi Mojedi ajJroputrmiB Ta iX CKJIaJHOCTI. BusHaueHHs
YaCOBOi Ta EMHICHOI CKJIATHOCT1 aJTOPUTMIB, MOJIHOMIAIBHOT, €KCIIOHEHITIATLHOT Ta
CyOEKCITOHEeHIIIaIbHOT CKIaHOCTI. PO3B’s13yBanbHi Ta BaXKKOPO3B’SI3yBajbHI 3a1adi,
kinacu P ta NP. IloninomiansHa 3BiaHicTh. NP-moBHI 3amaui. [IpoGnema icHyBaHHSA
BAXKKOOOOPOTHUX (PYHKIIHN Y KIIACUYHIN Ta TOCTKBAHTOBIM MOJIENSAX OOUUCIICHbD.

4.6. byaeBi ¢yHkuii Ta BuUmaakoBi mocaigoBHocTi. bynesi dyHkuii Ta
criocobu ix 300paxkenHs. Kpunrorpadiuni BiactuBocti OyneBux ¢yHKi. Metoau
re’epailii BUNIaJKOBUX Ta TICEBIOBUIIAIKOBUX MOCIITOBHOCTEH. CTaTUCTUYHI METOIU
OLIIHKKA  fAKOCTI  OyneBUX  (YHKIIHA, BUIMAJKOBHUX Ta  ICEBJIOBUIIAKOBUX
MOCJI1JIOBHOCTEH.

5. MammHHe HaBYaHHS

5.1. Bu3HaueHHs MamMHHOTO HaB4aHHS. [lpukiagum 3agad pi3HUX TUIIIB
HaB4aHHs. ba3zoBa cxema MalIMHHOTO HAaBYaHHS.

5.2. KnacudikariitHi METpuUKH: MaTpulld MOMWIOK 1 TOMUJIKMA TEPIIOTO Ta
JIPyroro pojay, HOOJs MpaBUIBLHUX BIAMOBIAEH, TOYHICTH 1 TMOBHOTa, F-Mipu,
koedimienT kopensmii Metstoca, Precision-Recall kpua, ROC-kpuBa («reciever
operating characteristic»), Area under curve (AUC), koedimient [Ixuni. binapuuii ta
0araToKJIacoBUI BUTIAKU.

5.3. lepeBa mpuitnarta pimenb. Entpomis Illennona. Krnacudikamis 3
JUCKPETHUMU Ta HENEPEPBHUMH aTpuOyTamu. BujiineHHs npaBuil.
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5.4. binapui (CART) Tta ne6inapui (ID3, CHAID) Buam nepes. Kputepii
pO3IICIUICHHs: TpUpICT 1H(OpMaIli, HOpMal30BaHWK mpupict i1H(opmariii,
HeomHOPiAHICTh JIkuHi, momwika kiacudikamii, kputepiid Xi-kBaapar. OOpizaHHS
nepes (pre-pruning, post-pruning). O6poOka MpomnyeH!X 3Ha4eHb, mapaiei3aiis.

5.5. Metpuuni wmetoau kiacudikarii Ta perpecii. KagiOHi Ta JIHHUBI
anropuT™Mu. ['1MOTE3W KOMITAKTHOCTI Ta HEMEPEepPBHOCTI. ANropuT™M kK HalOIMK4nx
cyciais. [1in6ip Baris. [iarpama Boponoro. [llymoBi xapakrepuctuku. Hopmanizaiis
XapakTepucTuk. MeTtpuka MIHKOBCHKOTO, KOCHHYCHa Mipa, BiAcTaHb JKakkapja,
BijicTaHb XeMiHra. TouHi Ta HAOIMKEHI METOIH MOITYKY HaHOIMKIUX CYCI/IiB.

5.6. Jlimiitni  monenmi  kiacudikamii Ta perpecii. Merox  MiHiIMI3aIil
emmipuyHoro pusuky. [lonstts Bigctymy. Perpecis 31 mrpadom. PizHi Bugu
perynsapu3aitii. Crenapii P-Oinbie-N. Jlorictuuna perpecis. Hez6anancoBani kiac.
Perpeciiini MeTpukH.

5.7. baeciBcbki Meroau. besymoBHa (ampiopHa) Ta yMOBHa (amocTepiopHa)
nmoBipHicTh. Teopema baeca. HaiBauit baeciB anroputm. 3riamkyBanns Jlamnaca.

5.8. Knacrepuzariis. Tunu KiIacTepHUX aNTOPUTMIB: TUTACKI alITOPUTMHU (METOJ
K-means) Ta anropuTmu iepapxiyHoi KjacTepu3alii (arJoMepaTuBHI Ta PO3AUISIOU).
XKopcTka kmactepu3zaliis Ta M'ska (HediTka) kiactepusanis (merox C-means).
BusnaueHHst KijgbKoOCTi kiacTepiB. bimspkicTh kiactepiB. Mojeni, 3acHOBaHI Ha
HIJIBHOCTI.

5.9. Bigbip Ta cuHTe3 1HPOPMATHBHUX XapaKTEPUCTHK ab0 3HIKEHHS
po3MipHOCTI: BimOip 1HGOPMATUBHUX XapaKTEPUCTHK, CHUHTE3 1HPOPMATHBHHUX
XapaKTepUCTHK, METOau, BOymoBaHi B Mmojenb HaB4yaHHs. (HopmoBana) B3aemHa
iHpopmartiss. MeTon romoBHUX KOMIOHEHT (principal component analysis, PCA).
Meton ne3anexxnux kommoHeHT (independent component analysis, ICA). Jliniiinuit
nuckpumiHanTHUM aHani3 (linear discriminant analysis, LDA).

5.10. KomOinarii moxeneii. byrcrpen-arperyBantsi abo Oerrinr. BumaakoBuii
mic. IMigcunenns (boosting).

5.11. HaBuanHs 3 nigkpiruieHHSM. ba3zoBa Mojie1b HaBYaHHS 3 M AKPITIIICHHSM.
MapxkoBcrkuii nporiec. PiBastaus bernmana. Anroputv Q-naBuanus (Q-Learning).

5.12. AcomiatuBHi npaBuiaa. BUABICHHS €JIEMEHTIB, 10 YaCTO 3yCTPIYarOThCS.
BractuBicTh aHTUMOHOTOHHOCTI MIATPUMKHU. 3aMKHEHI Habopu enemeHTiB. PiBeHb
noBipu (confidence). Aunroputm A-Priori. AJNroput™M momyisipHUX HaOOpIB
(Frequent-Pattern, FP-Growth). IlinBuimieHHss epeKTHBHOCTI OOPOOKH MOIMYJISIPHUX
HA0OPIB: METOJI JIOKATHHUX MPEeIMETHIX HAOOPIB, CEMILTIHT.

6. MopneJii Ta MeTOIM NPUITHATTS pillleHb

6.1. bararokputepianbHi pimeHHs. MeTo MiHiiHOI 3ropTku. JloMiHyBaHHS 3a
[Tapero.

6.2. ®ynkuii Bubopy (®B). Knacudikaris ®B. Ymosa [noTTa.

6.3. IlonsaTTs R-onTuManbHOCTI, HAMKPAIIOT0, HAUTIPIIIOr0, MAKCUMAIBHOTO 1
MIHIMAJIBHOTO €JIEMEHTIB

6.4. [Tonsittst  edexTuBHOI anpTepHATHBU. BiacTuBOCTI e()EKTUBHUX
JIbTEPHATHUB 1 CIIOCOOHU X MOILIYKY
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6.5. Metoau HOpmamizaimii KpuTepiiB. MeToau BpaxyBaHHS KOPCTKOTO
npiopuTeTy. MeToau BpaxyBaHHS THYYKOTO MPIOPHUTETY.

6.6. Meroau 3BeACHHS A0 y3arajJbHEHOIO KpUTEpiro (3roptku). Meton
TOJIOBHOT'O KPUTEPir0. MeTO | OCIiJOBHUX ITOCTYTIOK.

6.7. BusHaueHHs HewiTKOi MHOXUHM. Onepallli HaJl HEUITKUMA MHOKHHAMU.
Biacrtanp MDK HewiTkMMHU migMHOXKMHaMu. CrieriaigbHi omepallli HajJ HEYITKUMH
MHOXMHaMH. HediTki BITHOIIIEHHS, iX BIACTUBOCTI Ta Kiacudikarlis.

6.8. ®ynkmii kopucHocTti (PK) B 3amagax Bubopy.

6.9. BigHomieHHs €KBIBaJICHTHOCTI, OAlTy>KOCTI, IepeBary, JOMiHyBaHHS.

6.10. Kpurepii Banpna, CaBimka, ['ypgina, Xomkeca — Jlemana.

7. MaTtemMaTH4YHe MOJEJTIOBAHHSA . CHUCTEeMHMH MiaXin

7.1. Cucrema, ckilagHa CHCTEMAa, OCHOBHI BJIACTHUBOCTI 1 JKUTTEBUH ITUKII
cucteM. OCHOBHI KaTeropii CHICTEMHOTO TIIX0y B 3aJa4ax MOJICIIOBAHHS CKIIAIHUX
CUCTEM.

7.2. ®i3pyHe Ta MaTeMaTU4YHE MOJENIOBaHHA. JleTepMiHOBaHI, €BPUCTUYHI,
IMITallliHI Ta UMOBIpHICHI MoAei. BHyTpiliH1 Ta 30BHIIIHI 30ypeHHS.

7.3. MarematuuHi Mojedl JAWMHAMIYHHUX TMPOIECIB 13  30CepeIHKECHUMU
napameTpamu. [[uckperHi Ta HenepepBHI Npouecu. AJEKBaTHICTb MOJENEH.

7.4. MatemMaTuHi  MOJeNl JUHAMIYHMX MPOLECIB 3  PO3NOAUICHUMU
napameTpamu. KopekTHICTh Moienei.

7.5. Metoau inentudikariii mapaMeTpiB MAaTEMaTUIHUX MOJIEIIEH.

8. MaTeMaTH4He MO/IeJIIOBAHHS . MPUKJIAHI aCTIeKTH

8.1. IlocmimoBHICTH eTamiB MMOOYJAOBHM MaTeMaTH4HOI Mojenl. [loHATTS
KOPEKTHOCTI 3a7adi Ta Mojeni, (akrtopu, IO BIUIMBAIOTH Ha BUOIp METOY
po3B’sa3aHHs 3a1ayi. [lepeBipka ageKBaTHOCTI MOJIEIII.

8.2. Ilpocra minifiHa perpecisd. OliHKa TOYHOCTI Mojedi. MeToa HaWMEHIINX
kBajpariB. bararoBumipna miHiiiHa perpecis. [loGynoBa mpornosis. I[lepexpecHa
nepeipka. OIlliHKa B3a€MO3AJIC)KHOCTI BUITAJIKOBUX BEJMYMH. PiBEHb 3HAYUMOCTI
JHIMHOTO B3a€EMO3B’S3KY.

8.3. Marematuuni Mojemi po3B’S3aHHA 3a4ad JIHIMHOTO MpOrpaMyBaHHS.
3amaul ontumizauii Moeneil. Meroau onTuMizalii Nepmoro nopsaky (rpail€eHTHAN
METO/I, METOJl HAMIIBUAIIOIO CIYCKY, METOJl CHPSKEHHUX TIpaaieHTiB). Mertonu
ONTUMI3aIlli BUIIIOTO MOPSJIKY.

8.4. T'enepamiss BUMAAKOBUX YHCEI 3 PIBHOIMOBIPHHM PO3MOJILIOM,
MOJICTIOBaHHSI BHUITQJIKOBUX TMOJIA 1 BeawuumH. Meron Monrte-Kapno Ta #oro
3aCTOCYBaHHSI.

8.5. Mepexi Iletpi, rpadiune Ta aHamiTHUHE 300pakKeHHS, OCHOBHI 3aj7a4i Ta
XapaKTEPUCTUKHU.
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8.6. Mogemi nHa rpadax. Ilomyk miniManbHOrO nuisixy Ha rpagi. [lomyk B
HIMPUHY, MOYK B rIuOuHy. AnroputMm Jlelikctpu, Anroputm dioiiga. AIropuTtMu
MOIITYKY MaKCHUMaIbHOTO MOTOKY (Popaa it dankepcoHa).

9. Metoau Ta aaroputMu Kpunrtorpadii Ta KpunroaHasisy

9.1. OcHOBHI MOHATTA KPUOTOJIOrii. 3a7a9i, HAIPIMKH Ta METOIU 3aXUCTY
iHpopmarii. Kpunrorpadiuamii 3axuct iHpopmailii, OCHOBHI TEpMiHU Ta O3HAUYEHHSI.
Mopneni Kepen BIIKPUTOTO TEKCTy, €HTPOIs Ha CHUMBOJ JDKepelia. 3arajibHa
kiacudikailis KIAaCHYHUX 1 CydacHHUX mudpiB.

9.2. CumerpuuHa kpunrorpagis: kJjgacuyni cxeMd mUGpPyBaHHS.
Busnauennss mmdpy migcTraHoBKH (3amiHM), MOHOan(aBiTHI Ta MojiangasiTHI
nigcTaHoBKU. BusHauenHs mumdpy nepectaHoBku. Knacuuni mmdpu: [lesaps,
ad1HHOI 3aMiHu, X1Ia, mudp 3arajibHOI MPOCTOI MiJCTaHOBKHU, BixkeHepa, TabnuuH1
nepecTaHoBkH, rpatu Kapmano ta inmi. YactotHuii kpuntoananiz mudpis Llezaps,
ad1HHOI MCTaHOBKHU Ta BixkeHepa.

9.3. Teopin cexpernnx cucrem Illennona. Iepapxis TumiB artak Ha
Kpunrocuctemy. TeopeTnyHa Ta mpakTu4Ha cTiMkicTh. Entpomis. Llinkom TaemHi
kpunrocuctemMu. ['panuns [llennona. HenaniliHicTh Kitoya Ta BIJKPUTOTO TEKCTY
Bincranp ogHo3HauHOCTI. [TpuaIunu [IlenHoHa MOOYA0BH CTIMKUX MH]PIB.

9.4. Cucremn 0J10KOBOr0 Ta MOTOKOBOTr0 mu@ppyBanns. Cxema deiicrens.
Craamaptun  OmokoBoro mmmdpyBandas DES, JCTY T'OCT 28147:2009, AES.
PericTpu 3cyBy 3 NiHIHHAM 3BOPOTHHUM 3B’ s13k0M. CTIOCOOM BBEICHHS HEMHINHOCTI Y
CXeMH TOTOKOBOTO IHU(PYyBaHHS Ha pETicTpax 3CyBYy 3 JIHIHHUM 3BOPOTHUM
3B’ SI3KOM.

9.5. AcumerpuuHa kpunrtorpadisi Ta Baxkoo060opoTHi ¢pynkuii. [Ipodremu
cumerpuuHoi kpunrtorpadii 70-x pokiB XX cromTTS. 3arajbHi O3HAYEHHS
BaKKOOOOPOTHOI (PYyHKIIIT, BaxKOOOOPOTHOT (hyHKIIIT 31 cekpeToM. BaxxkooOopoTHI
bynkuii  lipdi-Xemnmana, RSA, Pa6ina. OuiHku CKJIagHOCTI OOYHUCICHHS Ta
oOepHeHHs (yHKIIM. Cxema BiAKpuTOro posnoauty kitouiB Jdidpdi-Xemmana.

9.6. AcumerpuuHi  cucremu  mMppyBaHHs.  3arajJibHa  KOHIICTIIIS
ACUMETPUYHUX KPUNTOCUCTEM INMH(PPYBaHHS 3 BIIKpUTUMH KitouyamMu. Cucremu
nmdpyBanas Mecci-Omypu, Enp-I'amansa, RSA, Pabina. [ToGynoBa acumeTpuyHIX
MPPOCUCTEM, ANTOPUTMU 3aUPPyBaHHS Ta PO3MU(PPyBaHHS.

9.7. I'emi-gyukuii. O3HaueHHs Ta KpunTorpadiuHi BIACTUBOCTI remI-(PyHKIII.
3aranbHi cxemu modymoBu. Komisii remr-gynkmiin. OmiHKKM WMOBIpHOCTEN KOMIi3ii Ta
TPYJAOMICTKOCTI iX NOOY10BU. 3aCTOCYBaHHS reti-(pyHKIIN.

9.8. llmpposuii mignuc. 3agadi rUGPOBOro MiAMUCY. 3araabHa KOHIICTIIS Ta
cxema MHUQPPOBOrO TMIAMUCY 3 Tem-(QYyHKIIED B aCUMETPUYHOI Kpurnrorpadii.
[udposuit mianuc y cxemi RSA 3 BukopuctanHaM remi-QyHKIin, MudpoBi mianucu
Enp-I"amans, Pa6ina. Cminuii mianuc. ATakyd Ha THGPOBUH ITiIMHKC.

9.9. Kpunrorpadgiudai mnporokoau. IlpoTokonn po3momiiny  CEKpeTiB,
JIOBEZICHHST 0€3 pO3TOJIONICHHS, CXeMH Tpe sIBJICHHS BUIMAIKOBUX OITIB, MPOTOKOJIU
€JIEKTPOHHOT TOTiBKH. Kpunrorpadiuni ajroputMu aBTEHTU(IKAIi: HapojbHa
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aBTEHTH(]IKallis, aBTeHTU(DIKAI[S 3 BUKOPUCTAHHIM CUMETPUYHUX Ta ACUMETPUUHHUX
KPUIITOCUCTEM.

9.10. Miiti Ta minxonm y kpunrToaHa izi. 3amaui 3axucty iHdopmarlli Ta
kpuntoaHamzy. Krnacudikaris arak Ha KpunTtorpadiuHi CHUCTEMH 3aXHUCTy
iHdopmMmairii. [Tigxoau 10 BU3HAYEHHS CTIMKOCTI Ta 0 KPUIITOAHATI3Y KPUIITOCUCTEM:
TeOpETUKO-IHpopMaIliiHuii, 0a€CiBCbKUN, CHUCTEMHUN, CEMaHTUYHUN  IMJAXI,
JI0OKa30Ba CTIMKICTh Ta 1HIN. 3arajbHl METOJIM KPUNTOAHANI3ZY CUMETPUYHHX 1
ACUMETPUYHUX KPUTITOCHCTEM.
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III. HABYHAJIBHO-METOJINYHI MATEPIAJIN

Jliteparypa no po3aiay 1

1. TemmnikoBa O.JI. duckperna marematuka: Koncrekr nekuiit (Hactuna 1)
[Enextponnnii pecypc]: HaB4d. mocib. qis cryd. cnerianbHocTi 113 «Ilpukitanna
MaTeMaTuKa», OCBITHbOI mporpamu «Hayka mnpo mani Ta MaremaTruydHe
monemtoBanus» / O.JI. TemnuikoBa ; KIII im. Irops Cikopcekoro. — EnexktponHi
tekcToBi mani (1 ¢aiin: 2,97 M6aiit). — Kuis : KIII im. Irops Cikopcekoro, 2021. —
154 c.

2. TemmnikoBa O.JI. luckperna matematuka: Koncrekt nekmii (Hactuna 2)
[EnextpoHHMit pecypc]: HaBu. moci0. mist crya. coerianbHOcTi 113 «lIpuknagna
MaTeMaThKa», OCBITHBbOI Tmporpamu «Hayka mpo mani Ta MaremMaTH4HE
mozemtoBanHs» KIII im. Irops Cikopcbkoro. — Enexrponni TekctoBi gani (1 daiin:
1,84 Moaiit). — Kuis : KIII im. Irops Cikopcbkoro, 2019. — 128 c.

3. bapmaudos FO.M., CokonoBa H.A., XonakoB B.€. /luckpeTHa MaTeMaTuKa.
— K.: Buma mkoima. 2002. — 287 c.

4. Hikonscbkuit HO.B., TIlaciunuk B.B., lepbuna HO.M. JluckperHa
marematuka. — K.: Bunasanua rpyna BHV. 2007. — 368 c.

5. TewmnikoBa O.JI. JluckpeTHa maTemMaTHKa: MNPAKTUKYM 3 JUCIUIUTIHU
«/IuckperHa wmaremaTuka» JUisl  CTyIeHTIB cnemiaiabHocTi 113 «lIpuknanna
marematuka» [Enexktponne Bupanus| — K. : KIII im. Irops Cikopcebkoro, 2018. —
88 c.

6. TemuikoBa O.JI. Marematnuna norika. IIpaktukym [Enextponnuit
pecypc]: HaBd. moci6. mist ctyn. crnemianbHOCTI 113 «[Ipukimamna maremaTukay,
ocBITHBOI mNporpamu «Hayka mpo naHi ta matematuuHe MmopemtoBaHHs»; KIII im.
Irops Cikopebkoro. — Enexkrponni TekcroBi  nani (1 daiin: 1,37 M6aiit). — Kuis :
KIII im. Iropst Cikopebkoro, 2020. — 76 c.

7. TemuikoBa O.JI. MarematuyHa jorika Ta Teopis anroputmib: KoHcrekr
nekmii [EmekTpoHHmMit pecypc]: HaB4. 1oci0O. I CTyA. cmemianbHocTi 113
«IIpukiagna MareMaTukay, OCBITHbOI nporpamu «Hayka mpo fnaHi Ta MareMaTuyHe
moxaemoBanHs» / O.J.TemuikoBa ; KIII im. Irops Cikopcbkoro. — EnextponHi
tekcToBi nani (1 gaitn: 3,60 Mb6aiit). — Kuis : KIII im. Irops Cikopcrskoro, 2021. —
177 c.

8. TemnixoBa O.JI. Teopis anroput™miB. Anroputmiuni cxemu. [IpakTukym
[EnexTpoHHmii pecypc]: HaBdu. mocid. s cTyd. cneuiansHocTi 113 «Ilpuknagna
MaTeMaThKa», OCBITHbOI mporpamu «Hayka mpo mani Ta MareMaTHYHE
mozaemoBanHs» / O.JL.TemuikoBa ; KIII im. Irops Cikopcbkoro. — EnextponHi
tekcToBi nai (1 gaitn: 1,54 Moaiit). — Kui : KIII im. Irops Cikopcekoro, 2022. —
43 c.

9. Hixkonscekuit }0.B., Ilaciunuk B.B., lllepouna FO.M. Cucremn mTy4HOr0
iHTenekty : HaBuanpHuit mocionuk. 3a pen. B.B.Ilaciunuka. — 2-re BuI., BUMp. Ta
no1r. - JIeBiB : Marnomis -2006, 2013.
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Jlitepatypa no po3uiny 2

1. B.B. Tperunnuk, H.JI. JlroGamenko. Meroau oOuuciaeHb, 4yacTuHa 1.
UucenpHi Meromau anreOpu : HaBuanbHui mociOHuk — Kwui, KIII im. Irops
Cikopcbkoro, 2019.

2. M.A. HoBorapchkuii. AJITOPUTMH Ta METOAU OOuYMCIcHb [EnekTpoHHUI
pecypc]. — KIII im. Irops Cikopcekoro, 2019. — Pexum gocrymy:
https://ela.kpi.ua/bitstream/123456789/27864/1/Alhorytmy ta_metody obchislenn.p
df

3. Komm’totrepHe MonenroBaHHS CHUCTEM Ta MporeciB. MeToau oO4YHCIICHb.
['n.5, Merogu po3B’s3aHHsA  audepeHIllaIbHUX  PIBHAHb B YaCTUHHHUX
noximaux./Keetamit P.H. Tta iH. Enexkrponnuit pecypc. - Pexum pgocrtymy:
https://web.posibnyky.vntu.edu.ua/fksa/2kvetnyj _komp%27yuterne_modelyuvannya
_system_procesiv/tl/5.htm

4., B.M. Jlsmenko, O.M. Kpusonoc, T.A. Bakamtok. Meroau 0oO4YHCIICHD :
HABYAJIbHO-METOAUYHUM  TMOCIOHMK Ui CTYACHTIB  (hI3MKO-MaTEMaTUYHOTO
dakynbsTery [EnexTponnuii pecypc]. — Kutomup, Bua-so KAV im. I. dpanka, 2014.
— Pexxum ngoctyny: http://eprints.zu.edu.ua/18543/1/metody obchyslen.pdf

5. James F. Epperson. An introduction to numerical methods and analysis /
Mathematical Reviews. — Second edition, 2013.

Jliteparypa no po3ainy 3

10. 'megenxko b.B. Kypc Tteopii #mosiprocTeir. — K.: BIIL KuiBchkmii
yHiBepcuteT, 2010. — 464 c.

11. Typuun B.H. Teopis iimoBipHOCTEl 1 MaTeMaTH4Ha cTaTUCTHKA. OCHOBHI
MOHSATTS, MPUKIaau, 3aaa4l: [TiIpydyHUK AJ1s1 CTYIEHTIB BUIIIUX HABYAJIILHUX 3aKJIaJliB.
— Huinponierposebk: IMA-tipec, 2014. - 556 c.

12. Oripko O. 1., T'amaiixo H. B. Teopis imoBipHOCTEH Ta MareMaTH4HA
CTaTHUCTUKA: HaB4YaIbHUH nociOHuK. —JIbBiB: JIbBJIYBC, 2017. — 292 c.

13. Typuun B.H. Teopis itmoBipHOCTEl: OCHOBHI MOHSTTS, IPUKIIAAH, 3aa4i:
Hagu. moci6. — K.: Bumasaunrso A.C.K., 2004. — 208 c.

14. Cxopoxoxn A.B. Jlekmii 3 Teopii BumankoBux mporecis: Hasu. [Tocionuk. —
K.: JIn6igs, 1990. - 168 c.

15. Houmpkmii  [.B. BumaakoBi mpomecu. HaBuanpHuii mocioauk / 1.B.
Hosuipkuii, C.A. Yc. — JI.: Hamionansuuii ripuuuuii yaipepcutet, 2011. — 125 c.

16. Ioporosies A.f., Cimsectpo JI.C., Cxopoxon A.B., Snpenxo M.I.
Teopis imoBipHOCTEH. 301pHUK 3a1a4. — K.: Buma mkona, 1976. — 384 c.


https://ela.kpi.ua/bitstream/123456789/27864/1/Alhorytmy_ta_metody_obchislenn.pdf
https://ela.kpi.ua/bitstream/123456789/27864/1/Alhorytmy_ta_metody_obchislenn.pdf
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Jliteparypa no po3airy 4

1. Kanitonosa FO.B., Kpusuii C.JI., JletnueBcbkuii O.A. 1 iH. OCHOBH
JTUCKpeTHOI MmaTemaTuku. - KuiB: HaykoBa nqymka, 2002.-580c.

2. bazunesuuy JI.E. JluckperHa MmareMaTvka y TMpUKIANAx 1 3ajadax:
niapyunuk. — JIpBiB: Bumasensp [LE. Umwxkukos, 2013 — 488 c.

3. Riordan J. An Introduction to Combinatorial Analysis. — New York:
John Wiley & Sons, Ins. London.Chapman & Hall, Limited, 1958.

4, Reincold E., Nievergelt J., Deo N. Combinatorial Algorithms. Theory
and Practice. — New Jersey: Prentice-Hall, Inc., Englewood Cliffs, 1977.

d. Juckpernuii anamiz. Kypc nexmiii it CTyIEHTIB CIEHialbHOCTEH,
OB’ s13aHUX 3 1HGOPMAIIHHUMU TEXHOJOTISIMU Ta 3axUcToM iHpopmMarii. Yactuna 1.
Muoxxunu Ta BiaHomenHsa. Ykiagad Mopoxosers M. K. — K.: HTYVY «KIII», 2006. —
68 c.

6. Juckpetnuit anami3. Kypc nekmii misi CTYACHTIB CIeIialbHOCTEH,
MOB’sI3aHUX 3 THHOPMAIIHHUMHU TEXHOJIOTIAMH Ta 3aXUCTOM iH(opMarlii. Yactuna 4.
EnemenTn 3arampnoi anrebpu. Ywmamaud Mopoxosens M.K. — K.: HTYY «KIII»,
2015. - 8lc.

7. bopomin O.I. Teopis uucen. - K.: BugaBHunrBo «PansHchka mIkosay,
1960. — 244 c.

8. 3amanmceka JI.O. CrhemianbHi po3AinM MaTeMaTtuku. EnemeHTH Teopil
ckiHueHHnX noiiB. — K.: [Tomitexnika, 2006. — 54c.

9. KoBampuyk JI. B., Spemuyk 1O. €. Ilpuxnamna anrebpa. Yactuna 1.
OcHoBu abctpakTHOi anreOpu. — Binnuusa: BHTY, 2015. - 98 c.

10. Kosanpuyk JI. B., AApemuyk 0. €. [Ipuknanna anredbpa. Yactuna 2. Teopis
yucen. — Binaumga: BHTY, 2017. — 129 c.

Jliteparypa no po3airy 5

1. Burkov, A. (2019) The Hundred-Page Machine Learning Book
(https://themlbook.com/).

2. James, G.M., Witten, D.M., Hastie, T.J., & Tibshirani, R. (2021). An
Introduction  to  Statistical Learning.  Springer  Texts in  Statistics
(https://hastie.su.domains/ISLR2/ISLRv2_website.pdf).

3. Kononona K. HO. MamunHe HaBuaHHs: MeTou Ta Mojeni. — Xapki: XHY
IMeH1 B. H. Kapasina, 2020. — 301 C.
(https://github.com/katerynakononova/ML/blob/master/ML.pdf)

4. IHTenexkTyaNbHUN aHali3 JaHUX Ta MamuHHe HauaHHs. Y. 1 : basosi

MEeTOaM Ta 3aco0u aHamizy nanux / S1. B. IBanuyk Ta 1H. / BiHHMII. HaIl. TeXH. YH-T. -
Binnung : BHTYVY, 2021. - 68 c.
(http://pdf.lib.vntu.edu.ua/books/2022/Ivanchuk_P1 2021 69.pdf).



https://github.com/katerynakononova/ML/blob/master/ML.pdf
http://pdf.lib.vntu.edu.ua/
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Jlitepatypa no po3airy 6

1. TomameBchkuii B.M. MogemoBanus cucrem. — K.: BupaBHuua rpyna
BHV, 2005. — 352 c.

2. 3aituenko FO.I1. Teopis npuitusatTa pimeHs: niapydHuk. — HTYY «KIIDy,
2014. - 412 c.

3. O. ®. Bonomun Mojeni Ta MeToad TPUUHATTS pilieHb [EnekTpoHHU
pecypc]: HaBY. noci0. a1 ctyA. Buml. HaBd. 3aki. / O. @. Bonomun, C. O. Marenko.
— 3-€ BU., nepepo0. — K.: «Bugasuunreo Jlrogmummay, 2018. — 292 c.

4. Bepec O. M. TexHonorii MATPUMKH TPOILECIB MNPUNAHATTS PIILICHB :
niapyunuk / O.M. Bepec, A.B. Karpenko, B.B. [laciuyauk; MiHicTepcTBO OCBITH 1
Hayku Ykpainu. — JIsBiB :"Hoswuit CBiT-2000",2021. — 567 cTOpiHOK.

5. Bucompka B. A. Meroau ta 3aco0u (pyHKIIOHYBaHHS CHCTEM IiITPUMKH
MPUHAHATTS PillieHb Ha OCHOBI OHTOJIOT1H :MoHOTpadis / B.A. Bucorneka, JI.I'. JocuH,
X.I. Muxkiu, LI. 3aBymak, 3.JI. Pubuakx; MiHicTepCTBO OCBITHM 1 Hayku YKpaiHW,
Hamionanpauit  yHiBepcuteT "JIbBiBCcbka mnodiTexHika". — JIbBiB :BuaaBHUIITBO
"Hoswuit CBiT-2000", 2021. — 334 cTOpiHKH.

6. I'puropkie B. C. Moneni npudHATTS pillleHb B €KOHOMIIll :HaBYAJIbHUN
nocionuk / B.C. I'puropkis, M.B. I'puropkis; MiHicTepCcTBO OCBITH 1 HAYKH YKpaiHH,
UepHiBenpkuil HamioHanbHUl yHiBepcuTeT iMeHi Opis denpkoBuya. — YUepHiBIn
:UepHiBeupkuil HamioHanbHHU yHiBepcuteT imeHi Opis denproBuya,2021. — 255
CTOPIHOK.

7. Karpenko A. B. IlpuitHaTTs pimneHb: Teopis Ta MpaKTHKA : MIAPYIHHK /
A.B. Karpenko, B.B. Ilaciuamk; 3a HaykoBow penakmicro B.B. Ilaciunuka,
MinictepcTBo ocBitu 1 Hayku. — JIbBiB : "Hoswuit CBiT-2000",2021. — 446 cTOpiHOK.

8. Kys3pmin O. €. CucremHuii aHami3 1 NPUHAHATTS 1HHOBALIMHUX PIllIEHBb
:HaByanpHUK mociOoHMkK / O.€. Kysemin, O.0O. Xosranempka, H.O. 3asnp ;
MinicTepcTBO OCBiTH 1 Hayku YKpainu. — JIbBiB :BuagaBuunrso "Houit CiT-2000",
2021. — 226 cTOpIHOK.

9. 3ryposcekuii, M. 3. Combinatorial Optimization Problems in Planning and
Decision Making :Theory and Applications / Mikhail Z. Zgurovsky, Alexander A.
Pavlov. — Cham, Switzerland :Springer,2019. — 471 ctopiHka.

10. B.€. Crpinenr Metoau MalMHHOTO HAaBYAHHS Y 3ajJadyax CHUCTEMHOIO
aHamizy 1 mpudHATTS pimeHs: MoHorpadis/ B.€. Crpinens, C.I. Ilmaros, M.JL
VYrpromos, €.C. Mensiinos [Ta 2 1HIUX]; MIHICTEPCTBO OCBITH 1 HAyKW YKpaiHH,
XapkiBcbkuil HarioHanbHHI yHiBepcuteT imMeHl B.H. Kapazina. — Xapkis: XHY
imeH1 B.H. Kapasina, 2020. — 159 cropiHOK.

11. ML.II. bytko Teopis NpUIAHATTS pillieHb: TIAPYYHUK AJIS CTYACHTIB BUILIHMX
HaB4yayibHUX 3akianiB / M.II. Bytko [Ta iH.]; 3a 3arampHor0 peaakiiero M.II. ByTka;
MiunictepcTBO  OCBITM 1 Hayku YKpainu; UYepHITIBCbKUN  HAI[lOHAJIBHUMA
TEeXHOJIOT1YHUH yHIBepcuTeT. — KuiB: LlenTp yuboBoi miteparypu, 2018. — 356 c.

12. Hectepenko O.B. [HTenekTyanbHl CUCTEMHU MIATPUMKH MPUAHSATTS PIIIEHb:
naByanbHuii mociouuk / Hecrepenko O.B., Casenkor O.1., ®anoscekuii O.0.; Kuis,
HarionansHa akangemis ynpasmiaas, 2016, - 188 cropinkwu.


http://mss.unicyb.kiev.ua/manuals/%D0%9C%D0%9C%D0%9F%D0%A0_%D0%92%D0%BE%D0%BB%D0%BE%D1%88%D0%B8%D0%BD_%D0%9C%D0%B0%D1%89%D0%B5%D0%BD%D0%BA%D0%BE.pdf
https://www.researchgate.net/publication/345100769_METODI_MASINNOGO_NAVCANNA_U_ZADACAH_SISTEMNOGO_ANALIZU_I_PRIJNATTA_RISEN
https://www.researchgate.net/publication/345100769_METODI_MASINNOGO_NAVCANNA_U_ZADACAH_SISTEMNOGO_ANALIZU_I_PRIJNATTA_RISEN
https://dut.edu.ua/uploads/l_101_88535923.pdf
https://dut.edu.ua/uploads/l_101_88535923.pdf
https://www.nam.kiev.ua/files/publications/978-966-8406-94-2-pos.pdf
https://www.nam.kiev.ua/files/publications/978-966-8406-94-2-pos.pdf
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13. Marchau, V. A., Walker, W. E., Bloemen, P. J., & Popper, S. W. (2019).
Decision making under deep uncertainty: from theory to practice (405 p.). Springer
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IV. PEUTUHI OBA CUCTEMA OILIHIOBAHHS BCTYITHOT'O ICITUTY

1. IloyaTkoBHI pPEUTHHT BCTYIMHHKA 3a €k3aMeH po3paxoByeTbes 3a 100-
OanpHOIO MIKajIo0w. [IpyM BU3HAYCHHI 3arallbHOTO PEHTHHTY BCTYITHHUKA MMOYaTKOBHN
PEeUTHHT 3a €K3aMEH IepepaxoByeTbcsi y OIIHKY 3a 200-0anpHOI0 IIKaloK 3a
BIJIMOBITHOIO TAOIUIIEIO TIEpepaxyHKY (1. 4 IIbOTO PO3ILIY).

2. Ex3ameHariiiHuii O11€T BCTYNHOTO €K3aMEHy CKIAJa€TbCsi 3 2 YacTUH —
TECTOBOI YAaCTUHM Ta YCHOI BIAMOBINI Ha BIIKPUTE 3aBAAaHHA. Y BUIAJAKY
JTUCTAaHILIMHOT (OpMU TPOBEIEHHS BCTYNMHE BHUNPOOYBaHHS MPOBOAUTHCS HA
wiatdopmi aucTaHiitHOro HaBYaHH « CIKOPCHKUID».

Ex3amenariiinuii 61J1eT CKIaga€eThes 3 TAKUX PO3ILTIB:
a) IICTh TECTOBUX MUTaHb 3 TeM 1, 2 Ta 3;

0) BapiaTUBHUI OJIOK: IO YOTHPH TECTOBUX MNHUTaHHA 3 TeM 4, 5 Ta 6;
BCTYITHMKY HEOOX1THO BIIMIOBICTH HA MUTaHHS JIUIIIE OJHOTO OJIOKY Ha CBili BUOIp;

B) BIIKpUTE 3aBJaHHS: BCTYMHUKY HAJA€ThCS HAa BUOIP 1O OJIHOMY
TEOPETUYHOMY MUTAHHIO 3 TeM 7, 8 Ta 9; BCTYMHUKY HEOOX1HO BIJIMOBICTU Ha OJHE
MUTAHHS Ha CBiK BUOIP.

KoxHe TecToBe muTaHHs OLIHIOETbCS B 4 Oamu. TecToBI NMUTaHHSA MOXYTh
OyTH SIK 3 BapilaHTaMH BIJIIOBI1/I1, TaK 1 3 BIAKPUTUMHU BIJMIOBIISIMHU.

Binkpute 3aBnaHHs OLIHIOETHCSA y 60 OamiB 3a TAKUMH KPUTEPISIMU:
— TOBHA BiANOBiAb, HE MeHIIe 90% noTpibHoi iHpopMartii — 55-60 Gais;

— JOCTaTHbO MOBHA BIANOBIb, HE MeHIEe 75% mnoTpiOHOI 1H(OpMali
(momyctumi okpemi HeTouHOCTI) — 45-54 Ganis;

— HeMoBHa BiANOBiAb, He MeHIIe 60% mnoTpiOHOI 1H(OpMali (BiANOBIAb
MICTHTh TIEBH1 HEJOJIKHN) — 36-44 Ganu;

— BIATIOBIb HE BIAMOBIa€ YMOBaM J0 «3a0B1IbHO» — 0 OamiB.

3. Cyma 6aiiB 3a BIJMIOBII HAa ek3aMeH1 epeBoauThes 10 200-0anpHOT 1IKamu
3r1HO 3 TabJIULEIO:



Tadmmis nepeBeaeHHs 0aB cTO0ATHHOI IIKAIH 10 mkaa 100 - 200

Bax 3a mxaioro

Bax 3a mxkasoro

Ban 3a mkanoro

Ban 3a mkagoro

0-100 100 - 200 0-100 100 - 200
60 100 81 162
61 105 82 164
62 110 83 166
63 115 84 168
64 120 85 170
65 125 86 172
66 128 87 174
67 131 88 176
68 134 89 178
69 137 90 180
70 140 91 182
71 142 92 184
72 144 93 186
73 146 94 188
74 148 2 190
75 150 96 192
76 152 97 194
47 154 98 196
78 156 99 198
79 158 100 200
80 160

18
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V. IPUKJAJL EK3AMEHAIIIMHOTI'O 3ABJIAHHS
®opma Ne H-5.05

HaunionanbHuUi TeXHIYHUI YHIBEPpCUTET YKpaiHH
«KuiBcbKuil noJiTexHivHui iIHCTUTYT iMeHi Irops Cikopcbkoro»

(1oBHE HalfMEHYBaHHS BUILOI'O HABYAJILHOTO 3aKJIaly)

OcBiTHI CTymiHB doxmop ¢hinocoii

CreriaJabHICTb F1 «IIpuknagHa MaTreMaTHKa
(Ha3Ba)

Haguanbna

: Bemynuuu icnum
JTUCIUIUTIHA

EK3AMEHAINIAHAM BUIET Ne 1
1. Tecmoea wacmuna (0606’°a3ko06a)

IMurtanns 1. SIki B1acTUBOCTI Mae OiHapHE BiTHOMICHHS XpY <> Y = |X|, 10 BU3HAYCHO Ha
MHO>KHHI JIHCHUX YUCET?
Bapianmu 6ionosioi:
A. AHTHCUMETpPUYHE, TPAH3UTHUBHE.
b. CumeTrpuune, TpaH3UTUBHE.
B. PednekcuBHe, TpaH3UTUBHE.
I'. PednekcuBHe.
J1. ExBiBajieHTHE.

IMurannsa 2. [ToOynyBatu Tabmuio ictmHHOCTI Ui Bupasy VY(P(y) — IxQ(X)) Ha
o0JacTi iHTEpIpeTalii 3 ABOX €JIeMEHTIB {a, b}.

Iuranns 3. Po3risiHeMo MaTpUuHy Fr€OMETPUYHY IIPOIPECIIO
E+A+A*+ A3+ + A"+ -
SIke 3 TpbOX HABEACHUX TBEPIKECHb € BIPHUM?

Bapianmu 6ionosioi:
A. 1151 301KHOCTI IOTO MAaTPUYIHOTO PSAAY HEOOX1THO 1 JOCTaTHRO, 1100 YC1 €IEMEHTH
KBaJpaTHO1 MaTpuili A 3a MoayseM OyJIu MEHIII OJUHUIIL;
b. JInst 301KHOCTI IbOTO MAaTPUYHOTO PsiTy HEOOXITHO 1 JOCTaTHBO, OO yC1 BIIACHI 3HA-
YeHHS MaTpUIll A 3a MoayJieM OyJiM MEHIII OJMHUILL;
B. [ns 301KHOCT1 IOTO MATPUYHOTO PsiTy HEOOX1AHO 1 JOCTaTHBO, 100 YCi €IeMEHTH
MaTpuIl A 1 BCl BIacHI 3HaY€HHS OyJIM 32 MOJyJIEM MEHIII OJWHHUIIL?
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IMuranus 4. fka 13 popMysa YUCEIBHOTO THTEIPYBAHHS cepel MepesliueHnXx 3ade3rneuye
HaWO1JIBII TOYHUHN pPe3ynbTaT?

Bapianmu 6ionosioi:
A. ®opmyna NpSIMOKYTHHKIB
b. ®opmyna Tpamnerii
B. ®opmyna Cimricona

Iutanns S. flke 3 TphOX HABEACHUX TBEPIKECHD € BIPHUM?

Bapianmu 6ionosioi:
A. 31 30DKHOCTI MOCIHIJOBHOCTI BHUMAJKOBHX BEJIMYMH 3 HMOBIpHICTIO | BHILTUBaE
301KHICTh Y CepeTHbOMY KBaJIpaTUYHOMY;
b. 3i 301KHOCTI TOCIIIOBHOCTI BHUIIQJIKOBUX BEIWYUH 3 WMOBIPHICTIO | BUIUIMBae
301KHICTb 32 IMOBIPHICTIO;
B. 31 30DKHOCTI TOCHIOBHOCTI BHUNAJKOBUX BEJIWYMH 32 WMOBIPHICTIO BUIUJIMBAE
301KHICTh Y CEPEIHbOMY KBAJIPATUYHOMY ?

Iutanus 6. 3HaiAITs HMOBIPHICTH MOSBH MPUHANMHI JIBOX IIECTIPOK MPH IiIKHIaHHI
12 rpanbHUX KyOUKIB.

Il. Tecmosa uacmuna (éapiamuena)
Bawm neobxiono eionosicmu na numanns auwe oono2o 3 oaokie A, b abo B Ha eaw
6ubip. Bionogioi na inuii 610Ku He 6y0ymb 8paxX08aHi.

OO0Opanuii 0J10K BignoBieii: (enucamu nimepy A, b abo B)

BJox A.

Huranusa 7. 3naiitu AUC ROC, k1o BiAMOBIIHI pe3yJIbTaTH Kiacudikaiii npeacran-
JIEH1 TaKOIO TAOJIHIICIO:

s

OIlIHKA KJac
0.2
0.4
0.7
0.4
0.1
0.5
0.4

NNk
ol |olkRr|r ok

IMurannsa 8. Sxmo y Bac Habip qaHux 3anmyMieHui, To SKUi BapiaHT HEOOX1aHO 00pa-
i B MeToi KNN (K-HaiOnmxaux cyciain)?
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Bapianmu 6ionosioi:
A. 30UIBIINTH 3HAUECHHS K;
b. 3MenImTH 3HaueHHS K;
B. He 3mintoBatu mapamerp K, 60 Taka 3MiHa HisSIK HE BILTHHE Ha 0OpOOKY IIIymMy B Ja-
HUX.

IMutanus 9. SIki 3HaYeHHST MOXe TpuiiMaTu eHTportis [IleHHoHa 171 aHcamOJIIo 3 N
€JIEMEHTIB?

Bapianmu 6ionogioi:
A.Bing 0 go 1.
b. Big 0 go log,(n)
B. Big 0 go n.
I'. Bix 0 mo 2"

Iuranna 10. Hexaii gano takuii HaOip JaHUX:

Axmo no upoMy HabOpy AaHUX

X1 X2 X3 y
1 1 1 +1
0 1 0 -1
1 0 1 -1
0 0 1 +1

OynyeTbcs NEepeBO MPUHHSATTSA pillleHb, TO KU 3
BXIJHHUX aTpUOYTIB X, Xp UM X3 MOTPIOHO B3STH JIJIs PO3IICTIIIEHHS B KOPEH1 AepeBa’

bJaok b.
Huranns /. Jlig nasoro npo@uto nepesar BUOpaTH MepeMosKIsd 3a OUIBIIICTIO:
35 A—B—C
23 C—B—A
17 B—-C—A
10 A—C—B
8 C—-A—B
2 B—A—-C
Bapianmu 6ionosioi:
A. A b. B B. C I. AC H. B, C
IMuranus 8. Ha  MHOXuHI  anmbTepHatTuB X 3aJaHl  JBa  KpUTepIi:
fi(x) = =247 —545(x + 515)? i fo(x) = =514 — 254(x + 191)?. BusHauutu

MHOkUHY [TapeTo. Y BiAmoBii BKa3aTH BIAPI30K HA X, 1110 € MHOKKHOIO [TapeTo.

Bapianmu 6ionosioi:
b. Binpizok [-254, -545].
I'. Bigpizok [-51, -27].

A. Bigpizok [-515, -191].
B. Binpizok [-514, -247].
J1. Binpizok [-515, -247].
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IMuranus 9. SIki 3 1aHUX IBIHKOBUX BEKTOPIB JIOMIHYIOThCS BekTOpoMm 01117

Bapianmu 6ionosioi:
A. 1110 b. 0110 B. 1010 . 1111

Muranua 10. Ha muoxuni A = {1, 2, 3, 4} 3amano BigHomenHs R = {(2, 2), (2, 3) ,
2,4),(3,2), (3,3, (3, 4)}. Mo6ynysaru BigHomennsa R "R
A.{(1,2),(3,2),(2,3), (4 3)}

b.{(2, 2), (3, 2), (2,3), (3, 3)}

B.{(4, 2), (3, 2), (4, 3), (3, 3)}

I.{(3,2),(2 2),(3,3), (4 3)}

baoxk B.
IMutanus 7. SIki 3 HaBeIGHUX JIUIIKIB € OOOPOTHUMHU 3a MojiysieM 367
A.3 b. 4 B.5 r.6

IMutanus 8. 3amava pakTopu3allii HaTypaJbHOTO YKCIIA BITHOCUTHCS JI0 KJIacy
A. Toninomianbaux 3amay (P)

b. NP-npomixnux 3amau (NP-intermediate, NPI)

B. NP-nouux 3amau (NP-complete, NPC)

I'. Excrionenmiiaux 3ama4a (EXP).

Iutannsa 9. 3HaliAITE yci reHeparopu ckinuenHoro nois GF(17).

Iurannsa 10. fxi 3 HaBegeHuX OyneBUX QyHKIH € apiHHUMUA?

A f(X,y) =x &Yy
b.f(x,y)=xvy
B.f(x,y)=x®y
LA y)=x—y

|I1. Biokpume 3a60anns
OO0epiTh 715 BIAMIOBII OJTHE 3 MUTAHb a), 0) a00 B).
OOpane BaMu UTaHHS TOBUHHO OyTH MaKCHUMAaJIbHO TTIOBHO PO3KPHUTE.

a) MaremaTuuHi MoOJ€Nl JMHAMIYHUX TMPOLECIB 13 30CEPEIKEHUMH MapamMeTpaMH.
JluckpeTH1 Ta HenepepBHI MPOoLeCH. AJIEKBATHICTh MOJIEIIEH.

0) Mepexi Ilerpi, rpadiuyHe Ta aHamiTHYHE 300pa)KCHHs, OCHOBHI 3ajadi Ta
XapaKTEPUCTUKHU.
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B) ACUMeTpHUYHiI cHcTeMH IIM(pyBaHHS. 3arajbHa KOHLEMIS acCUMETPUYHUX
KPUIITOCHCTEM IH(PYBaHHS 3 BIAKpUTUMH Kirodamu. Cucremu mmdbpyBaHHsS Mecci-
Omypu, Enp-I'amans, RSA, Pa6ina. [lo6ynoBa acumerpuyHMX mIH(pOCUCTEM,
AJITOPUTMH 3alIMPpPyBaHHS Ta PO3LIH(PPYBaHHS.

3aTBepaKeHO: W
["apaHT OCBITHBOI pOrpaMu v 3 Annpiit HIEJJECTOB
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